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. ' ' * '. . * • *•*.•* ,. * '■ . ..• •■ • • ' ;* * • ;. * 

i : - : .'■ ••:.;?•;:*>;•>;' multilayer RUi •• : - ■!''-->:"-"v VvvV;':"'-^: '.r' "'• •', 

'• . ' v - •• '. • '•.'..••■•'*•• = •**.; 

■■\ .- 5-..-- •• ; ••• • • ; :■*„ . ."• 

j ' ' . The present invention . relates • to . a rhultiiayer film! : for co'nta jners, ' .. • 

:' Gontaining. solutions> suspensions, . solids or mixtures for* parenteral or 

... ... ;> enteral nutrition or tubfe feeding.';;: •'• •• . •' • !• '• ".V."-'.*-*" v' ; ' : ' 

; ; ; 5 Solutions, suspensions>/sOlids .or. mixtures ^ X .- . ;• 

;. V ' nutritlon 6r tube feeding. are usually; filled'; i^ 

. under sterile .' conditions according - to the' .prior art.; ^Tjiese/ cohtainers/vV-."" 1 '. 
include ^lass' bottles/. plastic bottles; and; 1 plastic baigs.v .Plastic/ bags "find .;,'.'. \X ' 
- </ . •• .'-v.. widespread use in : the. prior a.rt. : -V;.;- •.. v:J: ■ V •'. ^-^.u'" ^v^.'/i'V:.''--^' ; a'^ V / 

;..-:.tne'"1ndiyid'uai J.c^n^'n^: are , pfirtly..;^ jh y£^ : / ; 

... ; '•' ■(■. . spatially. /separated . arrangements so , that. ..mi^ihg : of ;;th^ ;a>'' : 
: ^frequently oriiy petfonjied, immediately prior to use at the bedSidevof the ^ ^ ' X 

'■■ ■ '• • " " J : " : •" •• . •• C">"^. ••-^ '.v">- ,; - V-v-" :\V"iY.?. \V 

patient; ••.>:,'•. v. 

••*••• -• * s ' ''■ .>: :■'.■: : ,: > v - «•>• vV.:v^;^^' : C. f . J -vX ; --:'- <0 v:-V. 

/. : ..20--. •••• •. ••• '\ " *• •.v>^- . : t*- : i^Wiif-" !••' >*';••"•■/••: 

. '. *.v ...,i Tnos ® . bags contain removal means .for remoyiiig. the:; contents :under ' :; U- 
■'"•'v./ V- - conditions as .sterile as possible. v. y \'?^^ ^'V ; ; ;\? -f > >\ * 6 & : t.^ ^ 

V-'. : " •. '*./"'"'•' ..-..*■ ■ • ■.•'••.\..' - "*'* ' ." ^^-•'■•^^ ;; x^.*^!>.-</'. • 

." Thus; an. outer packing o.rc '.envelope :pf r'p6ry(yinylidene^ 

copolymers (PVDC) Has. become established in the prior art^htcK is.'nbtv v-'ft'V 

suite bie/ however, to ensure ' sterility . of the bag f '.'su'i^a'cf Sandl of • the J, %J' : i''* 

removal means. One drawback of the use of DoivrOinvlSHoHio '■•^UinrM^\i^%^ : '^y/i'. 



however, the. ecologically , incompatible chlorine content, of the 
poly(vinyiidene chloride) copolymer which, ; in addition, cannot be 
sterilized with usual methods. However, the excellent permeabilities to :. 
gas,, water vapor, flavors and lipids under dry and moist conditions have •:. 
5 . outweighed therecycling problems in the past. 

In the prior art, other materials are known for corresponding barrier 
layers (barrier polymers). Thus, in; Ullmann's Encyclopaedia of Industrial 
Chemistry,. 5th edition, Volume 11, Section 6.5.10, poly(vinyl alcohol) 
id".. (PVOH) and ethylene/viriyl alcohol (EVOH) copolymer is also described . 
as barrier layers in addition to PVDC. . .'. ' 

• • • ; ■ ■ *■ ».., * . * ' ♦ • ♦ 

"'. . ' ' ■ *• ' '• ' . * * * * 1 * *. • • '* ■ ' • 

•*'.*' * " * * * * •"***. **".** ' " *' ■ * • * 

» ' . . * r . *■*•." « " •..*".'. »'•.*•♦»' 

:•• In ethylene/vinyl alcohol, copolymers, the moisture sensitivity of the 
; . poly(yinyl alcohol) is reduced by the copolymerizatio.n with ethylene.'-' 
15 . The usual vinyl alcohol content is from 60 to 82 %,. corresponding, to an 
ethylene content of . 18 to 40 %. In Section 6^5.12, polymer composites ', 
are described; Since, , for .many , applications, one single layer, of a • 
polymer fails to meet the requirements of the good to be packed inter, 
alia, the coextrusion of. different ■ polymers; is described in order to " •; 
20 \ improve, for example, the thermal properties or the barrier . properties. 

. WO 95/27268 i describes a multilayer {composite .sheet ^".Comprising at . " 
• least one layer. sequence which includes. a heterophase polypropylene- 
(cb)polymer/b6ndIng. s layer/EVOH/. : bonding . layer/poiyolefin r layer, the ... 
25.. heterophase polypropylene (co) polymer consisting of a homopolymer of 
propylene or a copolymer of propylene with ethylene and/or ah' ^olefin. : : 

/ EP 0 774 348 A2 relates to !a sterilizable tubular film for! use as .outer 
;.. packaging for medical solutions, etc. ■'; Sterilizable co-extruded tubular 
30 film made of polymer. cdmpdsite, for wra pping containers for solutions : 

• *" " . , •. I ^ '. — . ~T7 4 ~ — TT ^ T ~, ; — ~ — : : — r. — ^* — ; ; 1 i.. : r 1— - — 
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; . ; :. . v .suspensions; .pplids Or mixtures for parenteral; 'enteral, or stomach tube •' 7 7 • 7 
• feeding/ optionally ;' With cpntente ..are. - / 

/; ;." . described. The tube consists. , of : . three Mayers * as - : foljovvs: : (a) ":• ". 
.V - > /./polypropylene Komopolymer. (hbmb^PP)> .(b) EVOH "copolymer with .an*. 
-77 '. '•; 5: ethylene content of 27 t6.38.moi;-% : and (ic) a singie-Rhase.PP'Jhbmb- or . v - 
• : . - copolymer' which ; is -isuitabie as the insides.'of a bag- fer the inner' . 
•'" ": 7- "C9 nt p!f ner - Also claimed is.. (I) production of this tubular, film, by co- 7 
7~' . ': - extrusion; and .<il)."peelable; sterilized packs for containers, '-'made frbm^ \ 
> : ;V . ;:. this film. Preferably layers (a), (b) and (c);have thicknesses* of 20-40 ..• 7 : 

10 . (preferably 25-35), 15-3.5 (preferably .20-30) and 30-50 preferably 35-7' r '. 
':''<"» : . I 45 ) . V™ respectively. SaW^EyOH.^copoty.m'ter; ; (b) preferably vhas Van 7 > : . 
7777.7 ^"y^Oe content of 29-32 mol.-°/o, and the PP copolymer is a copolymer 77, 7' 
•>'.. :y t : "of propylene and ethylene. • • . ; ! ! ' .'• j- " 777 7 'M") "7. 7> : 7 7 77 • *7" • ■ 

: }.:';.J.?- 5 '?. Ep ?^"'^^?f...S?^ bfes ! a ! multilayer. sh^et material of Vfoil. rhad'e of'7'777- 
J-"7? . PP'y 3 . 1 ?!^ a* 1 '*' 1 * tne Polyaniide- of die. ri-aminbundecah 7 : c7 • 

H' 1 77i^ ;• bne7pf :'its: .surfaces to 7a /ffirri7 of 7^7:7 7 : 

obtained . by-1 co-extrusion-: .of •• Said ' t s $7 

'*.*"."*"* : " **•• "■-.** • ■ ; . **-; \ |t ** . .•".•». ' 4 *. v * . S - V '•'"•""*."/* ^ - 1.* /*"■ ' . * • . • *c. **".'. ! . **".* 



^ppjya.mide, and- r (S6lypr6pylehe"; ' 



!77 : 7 ; f '7 EP .° 

7v% ; ^ . :.i ^ UD y lar ffim, for . use as ..containers ; ;for. sorutibhs, ; Suspensions/: iplids 7oV''77-7;j. 

' 7 171 i xtures; fqr;^pa re iltera I . or enterarriutrition;or tube '-fe^ecfing; ■ b^iibna jiV"- in/ ; > "7 - 
'X^&:'i. .specially separated arrangement of ^..^e.;conten^,\,havlng a7t^'ree^laye : r-/^7"'; 



Polyamide. XX and/or ppiyether blockamide- ,'7 ^■•;V.-.ft}V ; G7 : ^^'*" 7' 7vV '-V'-7-; 
I^S^J >- ; -W etbylene^vjiiyl; aicbhol copolymer with an ^yi^'inliitr^Z? l^' 3S' : ;'7 : fC/y 
T^S-^TV ''mQl.^%,.a'nd.C-7 :- / .7.. :7 "» >7:7-77'7 7! 7 :; "77^;C\7v' : 7 v ; - > " y • \ 7 l S 

•V<i'*70:'^/..-v : ''//••'•' Z '/"r .'• *:•• '" - : - ; - < - ; V '*'X^\'S 'Vi.'X ■■ < :''-. >*.'•,. -V-:'.- ' 



c) homophase polypropylene copolymer which is suitable for forming the 
interior surface of the container, . • , ' . 

Preferably, layer a) has a thickness of 40 . to 100 urn (especially from 45 
tb 75 |jm), layer b) 5 to 35 pm (especially 10 to 30 pm) and layer c) 60 
to 100 urn (especially 65 to 85 pm). ' 

Basic requirements for a plastic bag system for the pharma industry, 
especially for the use as containers for infusion products," PVR, dialysis, 
urology, or clinical nutrition products include minimized drugs absorption 
oh. the interior side, minimized water loss of the contents, through the 
plastic film, sterilizability of contents and container/film material as well 
as maximized protection . of . the . contents , against oxidation by 
environmental oxygen. 

Physical phenomena that have thus to be considered in the development 
of plastic films for containers are accordingly adsorption of water and/or. 
drugs from the contents of the container into the interior part of the film- 
migration of the solution into the fiim, migration; of. polymer and/or • 
constituents of the poiymer into the solution, permeation of, water from 
the interior side into the environment and vice versa, especially during 
. sterilization, . permeation of oxygen from . the . environment into the 
solution and desorption of solvent and/or water from .the .outer part 
(exterior side) of the film into the environment... I r . 

These phenomena largely determine the . shelf-life of the product being a 
raw sterilized solution or a drug admixture ready . to use. Plastic films .' 
used. in. the pharma industry usually show, tittle or no. water adsorption .. 
from the environment and the . contained, solution at. [ 23 ?C before 
steriiization; During sterilization at 121 °C, the /films adsorb, s ignificant .: > 
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: •• ,» '*••••• . • .. <•'•.' : ' •' ," • . *' ' • .'y-v '" -f •<" " • ' '• ■ • • 

i ' ' '. * . ' •'*• ..*.'• *V .* **.; . ■ •.*.'••'**. * '.'»'•. . ' f'. • •-.*- ••»' '.. .'« * ". '' . " ' 

• •*. " • " i • . . * • . • • ' , • • ' ■ . . - • . • . * . . • .. - . 

• • i : *• . f ••_**•• . •■ • . • -.- ; ■ -. 

amounts of. water both from the environment and. the solution toy Which ; 
.... . oxygen permeability of the film is dramatically increased. '■■ 

.4 in the. prior art of parenteral, nutrition,, oxygen ..absorbers have been 
" • : 5 . widely employed to date in order, to protect the contehts;'frbm oxygen./'. .' 
Under- the. trademark • «Ageless», ; . for example, an. absorbent material/ 
. . based on iron salts is commercially, available ! ! which/ in addition to; a;. ' . 
: redgciiori of the oxygen content, lowers ..the hydrogen sulfide content •"• ' 
. . derived from sulfur-containing ingredients in usual sterilization. methods. .'. 
; V Viq" Said absorber is .used' in the prapr art. when- Overpacklng the container / 
. • : with an. additional envelope, v. . V ';■ *\ • V ■ -* ' .*'•' = ; • 

! •• :• 7 '. '■' " • • "• • .•■ -• '- • ■ '• •" '. ■"■ -."v'f '•••.-'V. .' '• •' 

■' .' _'••"*••! ' .' ' . : *•■''"■ ' • ';.*•'•••.'."• ' ".• 

* V.:':-> 2" 7 9 206' Ai. -describes ap oxygen^ absorbing mujtilayer-film which. .. : ' 
; ' : ; i . r; comprises an outer layer comprising a' thermoplastic resin; ain Adhesive 'i* 
:,'. : :;jks , layer comprising an >poxy fesiri i ; composition; './an : ! oxygen-fa bsorbirjg • -5 
• .. • a y er . comprising a .thermoplastic, resin ■ and . an iron-based, oxygen- 
r-atosorblnd.Wagent • ; Jncoiporated«/th^rein>: /gnd .>'a'. : - heat'';S^diiirig ...layerj ' : VC 

■}; • . / . \ M 

' /. adhesive 5 layer .comprises : a muIti-coiTi'pon'ent gas; barrier- epoxy : ;'r^jn^.-i;^.> 
2Q • 'corn position containing at ieast -30/%.:by 

■ ■;■ ■■ ;unit , .:.Exempiif^ according .jo EP-.i 270/206 Ai; indud^Cftf^' !>'• ': 

. / at least one> additional layer,' the' thermoplastic resin, of; the^ 1 ^xygen-"^^- j/. 
1. / : absorbing layer being preferably; chosen from 'd gr6up)of tnermbplastics/^' .'v/v; 
Vv.; / ■; ; . • with low oxygen barrier .properties^ . • -f}. •: V.^.C^^ri "*.:&J^ : :*VX'V- 

- ; -25'c •• " • V' ....„■/•■ "■..'j-' '• /*-.'.'•.■■ V'."-'"' : -.'i'-/"-' Vr ; /.-/'\-V-- -y. '^V;.- : r - .• - * '^. : V- .^■.-K^C;: j 

: >v Vf '5 Thus, the:.0bjeict- df.}the '-pfesent. invention -Is-itO; provide an.5n^p^^Ved : ;and?V^'',^' : % 
. simplified sterilizable multilayer film for containers "cohtalriitid 'soiutiohsjAV^'lv:^/ '. 
• '•'./ *•/ . ••' .suspensions, solids or mixtures for parenteral or enteral nutrition or tube .4. -i /; : 
-feeding, optiqnaliy in a specially separated ' arrangement 6f : the- contenfe,f ' - 

•)'■:'•'■■■ ■■ ••' .• ' '/ :> " ' • ' •• ... '.. . .'" . :• . • : j\ .V } .*"'< v -' "• 



■' ...... ^ ... / .«.._..< . .«.....-•( . ,. .... » .i"..-. f*!? a«' ~.'\^.v>»."^:3-;^'V~n[-> :/ 



' •;. --;6-- <.•.:•■*....:• y-.y. •.;/•». ;•»..■ .w.. y^..y\ 



■•■ guarantees low absorption of water and .^rugs; and/ at the! Wme/timV--'-!''.-'* 
• preserves the advantageous, mechanical properties and processibijity :of ^ " . 
'] ; • . multilayer-films with a low number ^of layers, •eVg/.fleWbillfcSt^n^th and 
'economy'.- ';/:•'. .'<".•'. ,• '-. '*'••.' • •" ,.' "' : '..-..:-- ! - '«.'"'■' ''. ••' 

'. •;" • ■ . •••'•'•' '••'.' o. "'• '•'••••.■'.:•-- 

;•*" 5 .'. . •;■ ' \ . >■';.-••':".' .' ' •'. .' '. ! "".v •• ■ : - .■\\X-.V">" •' ''.••.*•?.■ 

'• : ^^'^ :: '^;;.V Aca3rdfil 9 t0 tne , invention) the. above -object is achieved by a sterjiizable .V V 
; • '. '.multilayer film for containers. containing s'plUtioosi;suspensioh's^spUds or • 
'. '■'":. fixtures for parenteral or, enteral nutrition or tube feeding; optionally, in 
.. . a spatially ^ separaj:e'd{arrangertient-. : of jthe;-- contents;' having a three-^ ; 
'.•>: 10 ;? ^Yered structure with an inner -layer befng -in ^^'^^th^^^'''tif ' ; . . ". 
- : ^ h ^. con.^'ne-r/ an jritermediate layer ^'anji'i^arY^but^rV lay^r % .fac^g/:^ri'e' *: 
.:• : >:Vv,'; . ; ■■environment,: said layers optionally .connected, py ".;,'-'■ 
: layers, :.wherein-^/ : ? / : yy.' <J\£'^r:- y v. y'-.'.^ <; 

. V determined by the oxygeh transmission ^ 

A.--:. 1 -;- than 0.7 mi/m 2 d,-^' :.wr. *<•',• ••- '. •:' 'i'sfz^^H^* ... ? ' .•:./:'•:. y 
y •: .. P sa ' d v Inner layer .... *'.-. • 

frpm' : 5;to ; -35^^na\ 'saW.' • ^'^ • 
; \ *v*: : ? u ^er layer having- a thickness of frpm>6 '40 pm ; ; artcf 'O'V^p^Xf-r^.K ■ V 
'•'•.•.■2.0 allowing desorption, ^ wa^er; absorbe : d. ;in ^ 

^'sterilization after said. 's!l^rfli2^itl6n*'at "i2l,v«5g, ^''^^1^ ^V^; r ': •■• ' - l ■•••^•.' 



.; • .7 • While .^according; • ; to the ^.present ipveiitiohl jithe : materi^0 ! of^the/^'- \ • . 

^ Intermediate layer determinWs .the'pVYgen'tra'ns^ •" ~ 

"•i: ; y-X'- ; :.'i °xvgen permeability. It is 1^us v prefefre^th^^ r '>' 
•.•? ••■/:••'•: :;' : - constitutes the major oxygen barrier pf th'eJ.multilay^ . 4 ' ' I /• 

• ••..""'' •i-.v..-.':' •' .' '. !*••'•' - : ' • ••'••'"■■ vt: -4 * : ?H i^^^V^-:*?^*;*^^- 1" ••:.''•: 

'/ :'- '» '-;\-"v ■ v*. ' J m -j C? : ' .. ^ ^Iv; '-jiv 'p-V^ ^? ^ -- " * ". '-^ ; ; J i 

' -. -.. . .' 1 •. *. — ■• ""'■ . " 1 : r v -%'i;\:.:''' "'■■y..^^. y ■:■: '•.- . :i r -. 



It, has been; found that common EVQH layers during , sterilization., at 
. 121 °C absorb a serious amount of water. According to. the . present 
... invention the presence; of an outer layer, which allows desorption of. ' 
- : .water absorbed by the intermediate layer during the sterilization process • . 
.5'*'. 'helps to reduce the . specific humidity of the intermediate layer and thus, . . 

improves the oxygen barrier /unction of the film by significantly reducing 
.• \ -the oxygen permeability, of the intermediate layer. A specific humidity of 
'•n. the. intermediate, layer after storing, the multilayer film in an environment 
.. having a relative humidity for example, of 76 % at 23 °C results in an ■ 
io . oxygen transmission rate at 23 °C through the multilayer film of less than 
i-. ■■; 0.7 ml/m 2 d. .this relation between specific humidity of the intermediate 

: ;layer, oxygen transmission rate through the multilayer film and the.anti- , 
{.'\ . aging effect on. the. contents of the container has never been disclosed 
•• 1' nor considered in the prior art. • . . .. "•. ' '• 



•is 



i v:^'-/!; illustrates. the relation .between -oxygen, permeability and. relative .. 

humidity of the ehvironnient of. a muitiiayer film accorcnHg to'the pi^seht 
> invention From the figure it can be seen that a multilayer film comprising. 
*/y.-;:.' : ;an; inner. layer, made of polypropylene (PP), an intermediate layer made of ', 
• VoCA.EypH and an outer jayer.made of polyethylene tere.phthalate -<PET) fulfills •• 
7*/£v- the " r'eqtii rements . of the *' invention ,-( multilayer fil m Ai) , The , specific' 
.humidity of its intermediate EVOH-iayer corresponds to around 50 % • 
/ v ;;H- t e, ?tf. ve •■ : humidity < . of the ... environment ..and • it ..exhibits an oxygen 
permeability.: .at ;23 .°C . : of less than ■ 0.4 : ml/m 2 d. [. On the; contrary, • 
J; 257.:; multilayer film A2 as a comparative example, differing, from Alt'tn that the; 
T?\;V'/>''outer layer consists of PP allows desoiption of water to a significantly less 
extent. :.The specific humidity of the Intermediate .. layer corresponds, to : 
If'-... dose ;to . 80''°/o- relative humidity, . and oxygen permeability at 23 °C. is. 
Sy:^l .^gnificantjy greater man '0'J7 ml/m 2 d.: ""';!.*. •'■ \. v. \\xA.-. ^vJ : " ivV 's 



In a preferred embodiment the oxygen transmission rate at 23 °C 
through the. multilayer film is less than 0.4 ml/m 2 d: ...Said preferred rate 
can be achieved by allowing , to reduce the. specific humidity of the . 
intermediate layer. • . • ' • . 

The ' inner , layer of the multilayer film according to the invention 
preferably essentially consists of non-polar polymeric . material; This 
layer, forms the interior surface of the container and thus is in direct 
contact with the content. In this case too;; it is necessary to, provide a 
material having a high softening point which is above the usual, 
sterilization temperatures. Said inner layer additionally has; the function 
of a (water) barrier for protecting the intermediate layer from water of 
the content of the container. This layer, comprising or preferably 
substantially consisting, of polypropylene * homopolymer and/or 
polypropylene copolymer, also protects said . intermediate, layer, 
particularly a ethylene. vinyl alcohol fraction from moisture^ and confers 
the desired mechanical stability to the overall structure. 

If polypropylene copolymers :a re used/ .. in addition to the propylene 
component, the random copolymer" may contain ethylene, • which in . 
particular, can be;contained in the copolymers in amounts of 2. to 5 % by- 
weight. '• •' '■ ' ■ > 



Fig. z snows tne results or a snore term experiment (SU hours. at 23 °(J), • 
starting with solutions of ascorbic acid (50 rrig/l), a hydrosoluble vitamin, • 
of equal Starting concentrations "(Co) in bags made of different plastic : 
films (Al> A3, A4 and A5),. monitoring the concentration of ascorbic acid 
In the solution against time. Composite , plastic film Al comprising . an • 
inner layer made of . PP, an intermediate layer made of EVOH and an 
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outer layer made of. PET served best in preserving high concentrations Of 
ascorbic acid which remained stable after an initial period of absorption at . 
a level well above. 70 % of c 0 . Multilayer film A3 differed from Al in that; 
no intermediate layer is present and the outer layer consists of polyami.de 
(PA). Its preserving performance was still acceptable, though significantly.: 
lower. After .50 hours the remaining , concentration of ascorbic acid was 
lower but dose to, 50 % of.c 0 . Plastic films A4. and A5 exposed more or . 
less polar material to the conterits of the solution. A4 had an. inner layer 
,made of PP and SEBS and an. outer layer made of PET, while A5 was a 
uniform. film made of EVA. These plastic films showed high absorption, 
rates, and the concentration of ascorbic acid in. the. solution was reduced, 
to practically zero within 50 . hours. The . experiments illustrate the 
superior effect of an inner layer made of non-polar material due to lower 
absorption of the drugs out of the solution. This effect is furthermore 
improved, by a multilayer structure according to the present invention, as 
exemplified by multilayer film Al. After the drug admixture to the basic 
solution, absorption of the drug to the interior surface of the container 
film can be an important determinant of the effectiveness of a" medical, 
solution. Inner layers manufactured, from I PVC, EVA and PP V 'SEBS or . 
other polar material exhibit high absorption while inner ^ layers : : . formed , 
from PP pr PE and/or the like show low drugs absorbency. out Of the. 
solution,, in accordance with a preferred embodiment of the> invention.. ... 

: '• 1 ' • ' •'* !;: -'" :> V:'':. \- 

■. For the development of an optimal , film the ': whole . production - history f 

including steril|zation has to be taken into account The composition of. 

the inner layer of a primary packaging film determines the efficiency of a., 

drug delivered to the patient. 
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. The intermediate layer of the multilayer film according to the invention . 
. . .. preferably comprises or substantially consists of an ethylehe/vinyl alcohol. 

copolymer layer with a defined ethylene content of 27 to 38 mpl.-%. 
Namely) if the ethylene content is. chosen too high, the intermediate ■• 
. 5 layer is destroyed in the usual steam sterilization and looses its: gas • . .. 
barrier properties, particularly its oxygen barrier propertiesV so that the '.. [. : - ' 
. object of the invention cannot be achieved satisfactorily. 

'.' Experiments have shown that the desired product properties are 
io particularly pronounced at an ethylene content pf - 29 to 32 mbl.-%. : 
Therefore;, it is particularly preferred according to the present invention 
: tp adjust the ethylene content of the intermediate layer within the range 
V. ... of 29 to 32 mo, -" % V since this results . in ^particularly ' low gas . 
" permeability,, especially; oxygen V ■permeabili^.- . Jin/ addition,' the J 
is. . ster.ilizability. and the cprejayer stability of the layer structure according 
to the invention is particularly pronounced Within this range of values. ; 

The intermediate Jayer may be cb-extruded with the outer layer; this 
outer -layer protects :the material of the .intermediate layerf e.g. - 
20 ethy lene/vinyl alcohol., from moisture and confers the necessary thermal ! . -\ 
stability to the overall; structure due tp the high' of the ... 

" P 0, y me . r which - is .to be 'selected ';«a^ev i .tW:/-!usuai;:/s^r|Uzatlon . - 
..' temperatures.';; : - {?.:'<■ ' ' • ■{?"■;] :;\v V;;''- ^>;''"C'''w.V : *: ; V-'. '.v>j£ ■ '• / " '• ' 

" .^b According to Che invention, wnen a" contaiher is steriliz ed, me outer l ayer. 
... . must permit to evaporate residual' humidity which has been; introduced ; 
' into the multilayer structure and therefore humidifies the ; interrnediate v. 
.layer. Preferred in. the sense of. the invention, is i an.' outer ''layer com prising . 
,;•. or .substantially consisting of. polyethylene terephthalate/homopolymer.. . 
: . • 3 o. and/or polyethylene terephthalate.' copolymers- Use) of fcoppl yrners .ate . , ' 
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commercially available such i as Ecdel® type; from Eastman Chiemical, or ' . 
Hytrel® type from DuPont. . . . .. 

' " . . • • • v* ■•*■"» • . • • • ".••**• 

/ / These breathable, materials are particularly, suitable, to fulfill the .• 
•• ; ; ':.'s- . requirements of the present invention. ■• '-. ' . 

v. . Preservation of sensitive ingredients . of the contents of a container, 
according to the invention is particularly optimized by an EVOH layer 
structure as the intermediate layer of the multilayer film combined with 
,io , an, outer layer., consisting of a preferable, material like .PET, This : 
V>. combination particularly minfmizes. the -oxidation : of. £ha jhgrediente by 
; environmental oxygen ' : . s ; • \\;.Vv *"' 

• • * * • * - ' . •* . . ^ . • • t ... ~ * • 

'V Fig. 3 gives, the results of .a long-term . comparative experiment 
as ; illustrating the oxidation of solutions of high concentrated (approx... 2.2. ' / 
;.• . • . 9^ vitamin. C at 23. °C. jn containers made of different multilayer films . 

(Al, A2 arid A4. as described /above), ^Starting with equal, starting ... 
•[. ' • ' ; concentrations . Co, the . solution contained in. a plastic bag made of a 
r' .' multilayer .film 'according td/;the invention: (Al: inner layer PP, : ■ V 
20 ; intermediate^ layer EVOH, outer .layer PET) preserved : 6.0 % of: c 0 of . . . '•• ?' 
■■^7; ^ itarni " : C eVen • ^ fter a - P eriocl ..of 120 days i.at 23 °ev At this' time; ;the . . . 

J;, solution contained in a . bag of a multilayer .fiim.'(A2)/differing-frqm Ai in \ 
; . : that the outer layer was made. of PP .instead of PET, thereby, being less ./.>•''!• 

effective in desorption of water, contained but 35 % of Q> of vitamin C. ■ . 
. 25 . A solution contained in. a plastic bag of a film without the intermediate 
• layer,, consisting of an. inner -layer made of. PP and. SEBS and an outer V..; .. • 

';>.;:) .= - layer made of PET (A4) had lost practically ali of. its original, content of. ' ^" 
• . . . vitamin d . during the course* of the . experiment. The superiority of. "■: 
•: • multilayer films . according to the : invention in preserving of solutions 
•;• ;• 3tf ' sensitive to. oxidation is] thereby illustrated. '. .. •'. .. ' : - • •■. " "Cr- 

' ■ : •'. •-. .\" .*■•."'•"'.. •'• " . •••• ••• ' •• • '• ■ • >'."* : • ■ >•.••."■ •■■ 

... •. j •. •-. •• • • -v- ..{•=".«.•••. '• • ;.. •; •• . • .- : •• . • -. :• •••».•••.!■- .-. • •- • v.,.* ..v. . • 

•'" *■• ■'.•03i°.' 1 . 3e p HpJ/wcw/ko-o2.d7..o3 :; .. ; . • r.* * '. -. ';.■{:.,.-. ':'/ '. ;*.'•• . 



The oxygen transition rate of. the multilayer film and accordingly that of 
the intermediate layer depends on the moisture content . (specific 
humidity)* inside the resin. Therefore the structure . of the outer layer 
controls the oxygen transmission rate indirectly by its own water vapor 
transmission rate. 

High integrity and physical requirements will only be fulfilled by multilayer, 
structures due to synergy effects in combination of different layers and . 
the design. potential. ;. *.-"..:."- . . I * " •'.. 

The. method of choice for the . preparation . of the ..multilayer film 
according to the invention is the per se known method of multilayer 
coextrusion blowing. : *••:'.;"' . . .. '-. 

By means of the" present invention/ it is possible to prepare tubular films 
and^.therefromy sterilizable containers, especially bags; in a multilayer 
coextrusion blowing' method which enables ah. ecologically compatible, 
disposal^ Besides the common sterilization of the polymer multilayer, film 
forming the container, it is possible to sterilize the container. The bags 1 . 
thus obtained are heat-sealable. : . '- 

Another aspect , of, the present invention is the' use . of the above. 
: multilayer film for the preparation of a pharma film, especially for. ' 

peelable containers tor solutions,., suspensions, solids or mixtures for' . r 
:. parenteral or enteral nutrition* or tube feeding; optionally in a spatially 

separated arrangement of the contents. . ••• '. . 

• ".***•" • . ** * * • » . e '**,".•**" * -\ 

• ■ .*"'.* * • * •*■..," r * * * ' *.!*•'* « 
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: . Preferred sterilization method is. the vapor sterilization at a temperature " 
of »121°C for a period of . time Which ensures sterility - -In. steam-type V 
autoclaves or In a water.:.- cascade;, or^the ^ sterilization Witb* ethylene ' 
.■..oxide. >- 1 .-•••.*••. • V /; ■. '.v "• • - . \. - ■"' 

V : 5;- ; ■ • ■ >.•'. ": } '. ""/'{ '• ... .V\\ -i J' (>': :'\ > 

'•: ;•' '.' .. . .The multilayer film material according to. "the.;: invention js 'heat-seaiable " ' ' 
. and peeiable so that the .containers can be prepared with the 'multilayer ' • ; 
film according::to.the1nventi6fi/.especjal|y-by hot-sealing * : ../'«. : : ' .. "••!.' 

'-• " • ..&.»•■ " ' "'• * • ' ." " ' . . •' « * •* * •• ••*.•*'. . «. "*'* ..,..*"•■ 

. * • ..!•»* *• ** ■ " * . . ' v - \ " *• " : ♦ V " ?.*'**.*•...**•"* •• *.•'"*■ 

.v. v : iq; Accordingly^. another .aspect of the present -invention -are peeiable' ■ / - 

• sterilizable containers for solutions; suspensions, solids 'or .mixtures • for'.. U 
V--- vi"'' '....parenteral .or ehteral ^utrltion or tube, feeding; optionally in, p spatially ,.. \. V; 
: .';->^ separated arrangement -of the: contents, .'having - a .'three-layered! . V .. 

.,' . structure,of the i multilayer ^^film of the packing,^ ■ *'. - l ■"' \ ' • ! 5 - :1- : 
... is.*; .■".** i ■■, v.V .'.•. '".v ! ' ^v.". 'V^X- V ; ,*V V -. :•.* •.^'/lC-.' :: . -' 

Jhe multilayer films according to the invention, may preferabiy'i'be used. - 

• ^.to ^preserve th:e" quality . of - products for" ,^ " : , I 
: : : : • rreplacement (PN/Rjv djalysisV /urology : andVor xlinicai . nutrition '.♦ they may ^ 

±r , in . 'particular be . used to-: minimize .oxidation:; and/or; absorption of^the 



2<E) % ' .ingredients of sajd- products.". . 
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Examples: 



Multilayer films according to Table 1 have been investigated. • : «"-. \ 
Table 1: •' • :. '■ : ' : . '. ,: •' •' 



.' id 



i " - ' '' • ' ' 

""• ■'.**•. * . . 


Example 1 * 


Comparative : 
.'• Example 1- . 

* ".*•*• 


Comparative 

. * Example 2 - 

..*,•" * > . * * 


Constitution .. 

•* ... 


•. .COPET ; 
• Tie Layer '. 
EVOH 32, . 
: Tie Layer 
'. PPS .+ PPC • . 


•■ PAH. . 
"*:•' Tie Layer "%\. . 
...PP Copo 

■ 

•* *• ■ * * 
• ""*•"*.. * * •«'" ' t 


.. ... COPET..-. 
Tie Layer. ,' 
PPCopo + SEBS. 


Water permeability 

.** *' •"*' • * 


. 0.48 g/m 2 /cl .. . 
• at 23° A 85 % RH. 


0.25 g/m7d . 
at. 23° A 85 % RH '. . 


.0.48 g/m7d 
' at 23° A 85 % RH..'', 


Gas . permeability 


0.6.ml/m7d 
• at 25 °C/0 % RH 


, 150 ml/rri7d;: \ - 
at 25\°C/6 % RH ' 


. . 1475 ml/mVd • 

.fat 25*»c/6 % rh 


General properties 


soft film/sterilizable . 
. . '• at 125 °C 


stiff film/sterilizable 
at i25. 6 C . 


soft film/sterilizable 

.'.<*<•;■ at i2i «c :•*;•/ •• 


Transparency * 


25 Haze 


•35 Haze. .. 


6 Haze. . 



Example 1 : Film (Blown) "■< 



■!•■ 



40 pm. •." . 


COPET - • 


EcdeP 5967 •;■ ; •' . v ... 


13 pm . . . . 


Tie Layer . 

•'■ ' - s :\:y . V '-Y. 


Bynel (8 ?XB787/ , 

: Adm'er';NF: diiE."i.V' : % . '.: 


15 pm 

. .. * * • * . , • * 


EV.OH.32 ... .. ... . 

•■ -' '. '• ' .•"'•.■».'••'•* ■•.• 


Evar:.F171B or 
r-Soar-nei^qBaoaF *f " ; ; ' : .. 


13 pm . • 


Tie Layer.. • - ■ • ., ... 


Bynel® 50E739/Orevac® ppc. 


X - 


PP. modified. ..... . : . • 


Adflex® 7392XEP .25 % • 


Y; X+Y= 100pm . , • . . . .-. 


PP copo .. . . , ;> ; . . ; 


PPR.3022 SM3 75 % 
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in example i said tie layers serve as stickers responsible for adhesion of 
the outer, intermediate and. inner, layer, to 'each other. While the outer 
layer is mainly responsible for the breathable effect and the intermediate 
layer mainly acts as a gas barrier, the inner layer . provides softness and 
barrier against leaching and. water vapor transmission. 

* * ••*,••» . • * •"*•-. .' " 

* *"."*■• • . , 

The importance and. surprising significance of the breathable effect of the 
outer layer according to the . present ..invention is illustrated by a 
comparative study exemplified/ in Fig. 4. The vitamin I C concentration 
after sterilization in a container, according to. example i was. maintained 
to a much better extent even without any overwrap in PA or even more in . 
PP* After 120 days at 23 °C starting with a vitamin . C concentration of 
2.5 g/l, the . solution • contained in a. bag made of a multilayer, film 
according to example 1 stili contained niore than 1.9 g/l of vitamin C. The. 
identical solution/ in the identical bag, provided with an overwrap made of. 
PA contained but less than 1.85 g/i of vitamin C after 120 days at 23 °C, 
while an overwrap made- of . PP resulted in art : ev'en lower concentration - 
(less than 1.7 g/l) of vitamin C after 120 days at 23 °C. This, is due to the 
fact that the . properties : are . lowered" if an . overwrap - with .lower, 
permeability xhar^cteristics keeps the - container .separated " from; the . 
environment.. Accordingly, th& absence of a^ overwrap . is especially.; 
preferred according to the present invention; ... : • \i '}. . . : . ; . .; . . 



* . . '• .' • . • •• 
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f -Claims:.. I.". -;.- • ' • ■ '; • . . V \«J Ju(, ^ 

1. Sterilizable. multilayer . film • for containers containing solutions/ 
suspensions, solids or mixtures .for parenteral or enteral, nutrition ! or' 
s tube feeding, optionally in a spatially separated arrangement of the 
contents, having a three-layered structure with an inner layer being in 
. contact with the content of the container,^ an intermediate layer and an 
outer layer facing the envjronment,. said layers optionally connected by 
' tie and/or adhesive layers, wherein 

10, the . oxygen, transmission rate at 23 °C . through the multilayer film ''" 
.;. ;• determined by the oxygen transmission of the intermediate layer is less \. 
than 0.7 ml/m 2 d, • 

• said inner layer paving a thickness of from 30 to 120 pm, •. . ... , 
: said intermediate layer having a thickness of from 5 to. 55 pm and said . 
i5.;/i.outer layer -having a thickness of from 20 to 40 pm, and . : 
.fallowing desorption of water absorbed in the intermediate "layer during , : 
';. sterilization .after said. sterilization at 121 °C. ' / ... .V v--" 

•': ' '" 2, Vv Ti)e multilayer film according to craim i; wherein said oxygen: : . 
20 .^ .transmission rate is less than .0.4 ml/m 2 d. '* :; ' - • '.' ' . 

,;V . 3 - ... .T ne multilayer film according to claim. -1 or., 2, Jiaying : an inner 
:•• layer essentially consisting of non-polar. polyrheric material. 



2 . 5 ... 4m ■ '■ The multilayer film according to claim 3; having an [ inner layer .. 

. comprising, or substantially consisting of polypropylene . homopoiymer •. . : 
.. . and/or polypropylene copolymer. \" '• ".'* ..; \ : 
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...5. • The multilayer film. according to any one of claims . i to 4/. having. Y. 
an intermediate layer comprising r br . substantially • consisting of 
ethylene/yinyl. alcohol.' copolymer, having a defined ethylene content of ' 

•': 27 to 38, in particular 29 to 32 mol-%. . ,v ' > 

6. The multilayer film according to any one of claims 1 to 5, haying 
an outer, layer comprising or substantially! consisting of polyethylene . 
. terephthalate homopo.lymer and/or polyethylene terephthala.te copoly- 
mer. ' .' ' ' 



7. ' Vapor sterilized multilayer film according to any one of claims 1 to 



•8:.-;.; Use of the multilayer .film according to anyjotie of claims i to 7 as . . : . 

is ••••a pharma film.' - .. :'. , *.;• • •"" . • ' •. 'i'- '■: K v " "' 

* • * • ...,*.-.*! • "•"."•*" ' ' '."'■•*..*•'•." \ ••'***.'•". i ♦"•*"•" ■ •.;•..'"••.•.*•.• v . 

■-*•*' . ; * ' . t '. «*, . »-. t — *, • • \.* ."*.", •„» "•*,.:..* ' *• . ? • f - *' " »'-• * • • * .' 

•.'*"'•'. . ' •■".'•*•. * **•• *.• ' . • • * ' 1 '.*. '. .. ( - ' ♦ s 

r ' 9 v: "; t Use *according .to claim 8 to preserve the quality of products for / 
infusion, PVR, dialysis, urology and/pr clinical ^ nutrition: v- •* ' . . ; . J ^ 



•20 : J'..10;.y.-:Use : according to claim.* 8. .or 9 to., minimize, oxidation and/or .. 
• • •'" adsorption\of the ingredients. of said products.! '. V J 'P* " / ' • . • ' ■ -V : " 
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' i3lJull 2003 ' • 

:>.; ; '• . ' ..-'ABSTRACT • ■ ' . ; ; 

. - ''"'.'. MULTILAYER. FILM [. 

The present invention relates to : a sterilizable multilayer, film, for . 
. containers containing solutions, : suspensions, solids or mixtures for 
parenteral, or enteral nutrition or tube feeding, optionally in a spatially 
separated arrangement of the contents, haying a three-layered . 
10 structure with an inner layer being in contact with the content of the . 
.. container, , an intermediate layer and an . outer layer facing . the . 
. environment, said layers optionally connected by "tie and/or adhesive. 

layers, wherein-'. . ". . " . ' .•■"*". .'. ';" : V' .' •■ 

the. oxygen transmission rate at 23 6 C through the multilayer "film ?: 
15 ." determined by the oxygen transmission of the Intermediate layer is less."..'- 
• / ' than I 0.7 ml/m 2 d, ;'• '; V •••';"..* 

- ■ - . ... '.. said inner layer :having a thickness of from 30 tip 120 pm, ' ■ : ■ ' ' \ "... • ■ ' . • 

v . . said intermediate iayer having a . thickness of from 5; to 35 pm and said .. 
•* ' outer layer having a thickness of from '20. to 40 |im, and '•■'/. ''U y*-' - 

20... .allowing desorption of ! yyater absorbed in. the Intermediate layer 'during' ....... 

.: :,; '•"•". -sterilization after said sterilization at 121 :°C. ' • U • . ''-■• l.-V : S^''*y\\.' 
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